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(\ Design and Integration Issues of Visually,
A d Systems

&

— .)ln Ga«—

« Display Characteristics
— Brightness
— Resolution
— Acuity
— Size | Field of View (FOV)
— Color vs. Monochrome
« Visor/ Combiner
— Standard vs. Custom Visor
— Visor Projected Vs. Combiner Projected
— Image Pre-distortion (warping) Requirements
— Eye Relief
— Image Reflections

* Nighttime/NVG Compatibility
— Eye Relief wINVG
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f\ Design and Integration Issues of Sm:m:é@.ﬂ
. | | Systems ~Z

 Physical Considerations
— Helmet
— Human Vehicle Interface (HVI)
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f\ Design & Integration Issues
- Visually Coupled Systems

Projection v
Mechanism :

Windblast
~N

Head/Neck

Ejection

2 Etc
System
Oo:‘_:m.:smomao Interfaces
: nes
_ FIT ,
Avionics \ﬂ:o S N \/ @
System __ Quick Dis / =
Integration _._M:.<o_smo
. Quick Dis
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\
s Display Characteristics

* Display Characteristics
— Brightness
— Resolution
— Field of View (FOV)
— Acuity |
— Color vs. Monochrome
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,»
/\ Display Characteristics
o Brightness

« Brightness — working definition
— How much light comes from the HMD

— The displayed information (symbology, imagery) has to be bright
enough to “contend with” or “overcome” the background in order

for you to be able to easily see it, recognize it, and use it.

10
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r Display Characteristics
b ~ Resolution

« Resolution — formal definition

— “A measure of display or image quality involving the number of
displayed or resolvable elements per unit visual angle. The resolution of
an electronic display may be expressed as spot size, pixel size, line
width, trace width, number of television lines, and MTF.”2
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\ 2 .
\ Display Characteristics
A Field of View (FOV

* Field of View (FOV) — formal definition

— “The angular extent of a display or aperture, usually expressed in
degrees of visual angle and given in terms of a diameter, a diagonal, or
in horizontal and vertical dimension. The corresponding clinical term is
visual field and involves a mapping of the perimeter of visibility of the
eyes.” 2
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)
»/u%\ Display Characteristics

Visual Acuity

« Acuity — formal definition

— “The ability to see detail in high-contrast patterns. Acuity may be
expressed in minutes of arc visual angle of a target’s critical detail, or as
referenced to a 1-minute critical detail at 20 feet. For example, 20/20
indicates that a 5-minute target with a 1-minute critical detail (acuity
targets are typically five times the size of the critical detail) can be
resolved at 20 feet, 20/40 that the target needs to be 2 minutes for
successful resolution, 20/80 that the target needs to be 4 minutes, etc.
Normal acuity is considered to be 20/20. Displays, including HMDs are,
sometimes descried as having an acuity of 20/40 or 20/60. This may
mean that the detail of a 20/40 or 20/60 character can be seen on the
display, but probably means that eh angular subtense of a single display
pixel or element corresponds to the critical detail for a 20/40 or 20/60
character (2 and 3 arc minutes, respectively).” 2
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Display Characteristics
Visual Acuit

Snelling Visual Acuity vs. Diagonal FOV

Snelling Visual Acuity (xx/20)

0 10 20 30 40 50 60
Diagonal FOV (degrees)

—e—800 x 600 —=— 1024 x 768 1280 x 1024 —<—640 x 480
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5 December 2005

Visor /| Combiner

Visor /| Combiner

Standard vs. Custom Visor

Visor Projected Vs. Combiner Projected
Image Pre-distortion

Eye Relief

Image Reflections

Document Cleared for Public Release — Distribution Unlimited 8 Dec 2005, AFRL-WS-05-2756

20



LB 9G6/2-G0-SM-14 4V 'G00Z 990 8 pajwijun uolnguisiq — 8ses|ay dl|and 10} paes|) juswnooq

10SIA _ payojed-un,, 1o} ybnoua jybLiq jou abeuw
pajoaloid ajepowiwiosse 0} eale Jd)iep sppe ysjed —

yojed ou Y3im JOSIA piepue)s ojuo
uonoaloid Bumiwaad i8)yblq sem |y Aejdsig —
yojed
Oou Y3}IM IOSIA {YSN pJepuels pasnh JOSIA SIVIOA
(10SIA }seqyuod ybiy) aaissiwisued) 9,0/ — MO||PA —
(10sIA JybBiu a1ed|2) BAISSIWISURI) %06 — 1BD|D —
(10sIA Ae(q,,) aAISsIwSURI) %8 - %SGl — |[eJ}JNON —
‘sor1ouaJdedsued) J10SIA 4V¥YSN piepuels

‘INUOP e JO Oo-1NJ UlyS,, JO
UOI}O3S e "9°l .wam_(_w PI0JO | SI IOSIA 4VSN piepuels

WwojlsnJ "SA piepuejs
12UIqWIO?) [ 10SIA

§00Z 13quia0a(g §



Visor / Combiner
Helmet Visor With Reflective Patch

b
s

>0 bmn.. - 474"
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Visor /| Combiner
Visor vs. Combiner

Visor Visor w/Patch| Combiner
Eye Relief Greater Greater Less
Visor Stability Requirement Required Required Not Required
Potential for eye injury during ejection Not Affected Not Affected Increased
NVG Compatible No No Possibly
Effect on visual acuity Some More More
degradation degradation degradation

5 December 2005

Combiner may simplify optics and pre-warping
requirements depending on its shape and placement of

display source
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/x Visor / Combiner
A Eye Relief

« Eye Relief — working definition
— Distance from last optical element surface to the

cornea
~55.6mm R |
at center of eye N T HN
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* Nighttime/NVG Compatibility
— Eye Relief w/INVG
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\ Night Vision Compatibility

e Eye Relief wINVG

NVG as far forward as it can go -
resulting in significant loss of
FOV in NVG. .
Eye to rear of lens ~18mm
Eye to eyepiece

!

24 98 =28 27

2 <]

L 7 T

L] v € [ :
SRR T i
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\
s Helmet-Mounted Tracker

* Tracker Characteristics
— General Performance Requirements
— Types of Trackers
— Accuracy Required vs. Available
— Accuracy Types
— Accuracy — Canopy Distortion
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, ‘ | ]
& Tracker Characteristics
‘o General Performance Requirements (cont.)

« Update Rate of 1-2000 Per Sec Needed For Effective
Multi-pole Digital Filters That Produce Low Phase
Error For:

— HUD

— HUD-Replacement With Space-Stabilized
Symbology On HMD, and

— Biodynamic Interference Suppression During
High-G Buffet & Vibration

« Lag/Latency
— Latency — time interval between samples
— Lag — “Age” of information.
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5 December 2005

Tracker Characteristics
Types of Trackers

Inertial

Uses miniature accelerometers and rate sensors on helmet that
sense head accelerations. Electronics unit processed data to
derive line of sight vector and sometimes position in cockpit

Needs inertial information from aircraft since its motion will affect
head-mounted sensors as well. The aircraft accelerations and
rotations must be removed from the head measured values.

Pros: can be fast
Cons: needs a/c inertial info
inertial sensor drift needs correction

Ultrasonic

Ultrasonic transducers measure distance between sender and
receiver. With a number of emitters and receivers, can triangulate
position and derive orientation.

Pros: simple

Cons: Slow
speed of sound varies with temperature, corrections
needed
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, »
f\ Tracker Characteristics

Accuracy Required vs. Available

* Tracker Accuracy - the degree to how well the
tracker system determines the line-of-sight (LOS)
vector and/or the position in the cockpit with respect
to a reference.

— LOS Vector — often referenced to the same
reference frame used by the weapon system on
the aircraft. (Along the centerline, level with the
waterline, and along the cross product of the two).

— Position — used along with LOS vector for canopy
corrections and if HUD substitution is attempted
or some type of virtual instrument panel is being
attempted.
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\ Tracker Characteristics

Accuracy Types

 Accuracy

— Types
* Installed — static or dynamic

— Installed Static — More difficult to measure. Depending
on system requirements for calibration, boresighting etc,
is more difficult to measure. Various attempts have been
made to measure using pilot sitting in the seat sighting
stars, sighting known targets in a hanger, or similar
varying degrees of success.

— Installed Dynamic — not been attempted since it is very
difficult to measure the true position/orientation to
compare tracker determined position/orientation.
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Tracker Characteristics
Accuracy Types

L 2
‘e’

« Accuracy
— LOS - “Good enuf to do the job”!
« Air — Air weapons engagement

— Better than 72 weapon’s sensor field of view

* When the weapon is slewing to head position, and the pilot puts
the cross hairs on the target, the weapon’s sensor will see the
same target with sufficient energy to allow it to lock-on.

 Air — Ground

— Its been generally held that a tracker system (tracker coupled
with aircraft installation coupled with human performance) can
be made good enough to provide weapons grade coordinates.
Thus the tracker system would be used to slew targeting pod
or weapon sensor with sufficient accuracy so that its sensor
can be used to fine tune the solution.

— Better than 1/3 weapon’s sensors field of view.

» This is similar to requirement for air — air above, but requires
additional pointing accuracy so that if an imaging sensor is being
used (targeting pod video) the operator can recognize the scene
in the sensor video and then fine tune the solution manually.
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fo\\ Tracker Characteristics

Accuracy Types

 Accuracy - cont.

— Things that affect accuracy.
« System Installation
« System Latency
« System Lag
 Calibration
« Boresight
« Canopy distortion
 Flight conditions
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S December 2005

Situation Awareness Presentations
— Symbology vs. Imagery

— Display Brightness & Imagery

— Use of Colors
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/\ Situation Awareness Presentations
bt Symbology vs. Image

* Imagery
— Pictures

— Source can be from weapon/targeting sensor,
vision enhancement devices such as FLIR, from
either on/off board sources.

— Video, maps, charts, photographs

— Difficult to see and use when viewed on a see-
through display. Effective use often requires a
“look-at” display.

— 1980 Agard report summarized that viewing

imagery on a see through display was not
advised/useful.
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Situation Awareness Presentation
Display Brightness & Imager
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Situation Awareness Presentation
Displa

 Brightness & Imagery

e e
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Situation Awareness Presentation
Display Brightness & Imagery
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»'.\ Physical Considerations

 Physical Considerations
— Helmet
— Human Vehicle Interface (HVI)
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y
/&\ Physical Considerations

Helmet

e Custom
— New item

— Potential for two piece helmet

« Electronics on outer shell
* Individual has custom comfort and protective liner

— Pros and Cons

* Pros Built specifically for HMD/T platform
Can be very stable

« Cons More expensive right now until AF
adopts
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Physical Considerations
HVI -Disconnect(s

* Quick Disconnect (QDC)

Permits rapid and sure method to connect helmet system to
aircraft

Primary method for pilot to connect system to aircraft
Environmental aspects

Ejection and Emergency Egress

High Voltage (if present) protection

Explosive atmosphere

« Helmet Release Connector (HRC)

5 December 2005

Limited use

Protects pilot from flailing helmet should helmet come off
during ejection
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\ 4
f.\ Physical Considerations

o> | HVI — Cable & Routing
 HVI Cable
— Highly flexible
— Strong

— Protected from abrasions and foreign matter
(fluids, grease etc.)

« HVI Cable Routing

— Does not interfere with existing life
support/ejection items

— Loop does not encumber head motion
« Cable/connector stowage when flying w/o HMD
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Back-up
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S December 2005

Key Issues (cont.)

HMD and NVG Measurement
Compatibility with Cockpit Displays and Avionics
(HUD, ADI, HSI, Moving Map, Radar)

Reliability, Maintainability, Commonality,
Affordability, Producibility
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Key Issues (cont.)

— Life Support Activities (LSASs)

 Don’t Compromise Safety

 Make Complex Electronics on Human Compatible
with Common LSAs

* Minimize Complications to the Standard Helmet Fit
Process
« Automate Helmet Checkout Prior to Flight

— Logistics Issues

 Make Critical Component Replacement Reliable
and Self-Calibrating

« Assess All Development Items for Maintainability &
Producibility

74
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